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BINDING FREE ENERGY 
CALCULATION PLANNING 
USING GRAPH THEORETIC 
TECHNIQUES 
Jonathan Redmann 
Summa Lab 
University of New Orleans 
What Are We Talking About? 
 Drug Discovery 
 Found One Compound, Looking For Better 
 Binding Free Energy Measures How Much Better 
 Problem: 
 Experimentally Finding BFE Is Expensive 
 Computational Takes A Long Time – Weeks Per Compound 
 Need a Way to Minimize the Number of Calculations 
 Find the Way by Modeling with Graphs 
Preliminaries: What Is a Graph? 
 An ordered pair of sets:  G = (V, E) 
 Vertices, V and edges, E 
 Vertices are the blue points, edges are the black lines 
 
 
Preliminaries: Some Nomenclature 
 Weight – value associated with an edge 
 Components and Subgraphs 
3 
4 
7 
18 4 
6 
4 
Preliminaries: Some Nomenclature 
 Cycle 
 
How Do We Model with Graphs? 
 Compounds are Vertices 
 
 Calculations are Edges 
 
 Similarities are Weights on Edges 
 
 Known Compounds are Special 
What Are We Talking About? 
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The Graph Model 
The Graph Model 
What Is Our Data? 
 Data is a similarity score array 
 Similarity = shared functional groups 
 Scores between 0.0 and 1.0 
 Two types of similarity score 
 Strict are “easy” transformations 
 Unstrict are “hard” transformations 
 
 Note: For Some Compounds Energy is Known 
 This will effect how we solve the problem 
 
 
 
 
Optimization Goals 
 
1. Minimize the Number of Edges 
 Fewer Edges = Fewer Calculations 
 
2. Remaining Edge Weights Are Maximal 
 Higher Weight = Lower Error 
 
Constraints 
 Minimum Acceptable Similarity Score 
 
 
 Maximum Allowable Distance 
 
 
 Must Have Every Vertex in at Least One Cycle 
 
The Algorithm: Works In Two Phases 
 Preprocesses the 
graph 
 Results in possibly 
many components 
 Components may not 
be connectable with 
strict scores 
 Process resulting graph 
 Purpose is to connect 
components 
 Cycles if possible 
 Uses unstrict scores 
Phase I Phase II 
Phase I: Basic Steps of the Algorithm 
1. Start with a complete graph from strict scores 
2. Remove edges below the similarity score limit 
3. Make a list of remaining edges sorted lowest to 
highest weight 
4. Temporarily remove the lowest weight edge 
5. Check if constraints are still met 
6. If constraints are met loop back to 4 
7. Else replace removed edge and move on to next 
lowest weight edge 
Phase II: Overview 
 Uses unstrict scores 
 
 Makes sure that all compounds of the same net 
charge are connected 
 
 Reduces number of final components 
Results 
Example Result Graph: 
Factor 10 A 
 
Results for FXA 
Property Summa Lab Schrodinger 
Vertices 50 50 
Edges 65 75 
Average Degree 2.60 3.00 
Comp 1 Diameter 9 7 
Comp 1 Radius 5 4 
Comp 2 Diameter 6 5 
Comp 2 Radius 4 3 
Comp 3 Diameter 5 6 
Comp 3Radius 3 3 
Results for Trypsin 
Property Summa Lab Schrodinger 
Vertices 576 576 
Edges 761 1043 
Average Degree 2.64 3.62 
Inverse Sum of Weights 128.95 133.28 
Improvements & Future Work 
 More Efficient Constraints Checking Algorithms 
 
 Look-Ahead and Multipass for Better Optimization 
 
 New Constraints Possible — Constraints as Objects 
 
 Generalize This Tool 
Thanks To: 
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